Background: Child maltreatment (CM) is robustly associated with youth risk for addictive behaviors, and recent findings suggest that this may be mediated through impulsive discounting of future rewards. However, research indicates that youth self-regulation (emotional and cognitive), particularly in peer contexts, is critical to consider in the study of decision making. This study aimed to examine the indirect link between CM and alcohol and other drug use problems, through delayed reward discounting (DRD), among a community sample of emerging adults. Further, this investigation aimed to examine whether this indirect link was moderated by heart rate variability (HRV), a physiological proxy for regulation of stress reactivity.
M
ANY YOUNG ADULTS (i.e., individuals aged 18 to 25) engage in developmentally normative substance use behaviors in social contexts (Elkington et al., 2011; Romer and Hennessy, 2007) . Similarly, alcohol and other drug (AOD) use problems peak during emerging adulthood (Substance Abuse and Mental Health Services Administration, 2006) , and emerging adults from low-socioeconomic status (low-SES) rural areas are at an increased risk (Lambert et al., 2008) . Moreover, emerging adults who report having had adverse childhood experiences, such as child maltreatment (CM), show suboptimal decision making and are vulnerable for AOD use problems (Oshri et al., 2018b; Rogers et al., 2010) . Although aspects of the decision making process are modulated by executive function control (Bickel et al., 2011; McClure et al., 2004) , growing evidence suggests that decision making is also influenced by the ability to regulate oneself during socially stressful situations (Casey and Caudle, 2013; Dom et al., 2006; Lovallo et al., 2006; Werner et al., 2009) . Psychobiological sensitivity to stress (i.e., stress reactivity) is a construct that refers to the individual's ability to self-regulate in response to acute. Vulnerabilities in selfregulation are exacerbated when emerging adults are exposed to situational external stressors that threaten homeostasis (Schriber and Guyer, 2016) , such as social pressure to conform to risky behaviors, thereby resulting in suboptimal decision making (e.g., the decision to binge on AOD). Thus, this study aimed to examine the significance of self-regulation in the link between CM and AOD use problems via impulsive decision making. We hypothesized that self-regulation, as indicated by a physiological response in the context of an experimentally induced acute social stressor, would modulate the indirect effect of CM on AOD use problems via impulsive decision making.
Decision Making and AOD Use Problems
Impulsivity is increasingly recognized to be a multifaceted "family" of conceptually related constructs and measures, one of which is impulsive decision making (Lejuez et al., 2010; MacKillop et al., 2016) . Impulsive decision-making processes, such as delayed reward discounting (DRD), have been consistently shown to be associated with AOD use problems (Amlung et al., 2017; MacKillop et al., 2011) . Similar to delay of gratification, DRD is a behavioral index of an individual's tendency to devalue rewards that are postponed. A person's inclination to prefer immediate rewards over larger but delayed rewards is thought to manifest behaviorally in favoring the short-term rewarding benefits of social drinking or substance use. Specifically, youth who score high on DRD may decide to use alcohol or other substances because of the salient and immediate feeling of reward via activation of dopaminergic pathways, which outweighs the decision to abstain and avoid the negative sequelae that may ensue from such behavior (Bickel et al., 2011; Mitchell et al., 2005; de Wit, 2009) .
DRD is often assessed with a task-based survey in which individuals choose their preference for monetary rewards that vary in size and in delay of receipt. Numerous crosssectional and several longitudinal studies have shown that individuals with substance use disorders prefer to obtain short-term rewards, as compared to control group participants (Acheson et al., 2011; Bickel and Marsch, 2001; Petry, 2001) . Longitudinal studies further suggest that impulsive discounting of rewards predicts the onset of addictive behavior (Audrain-McGovern et al., 2009; Fernie et al., 2013) . Last, a meta-analysis of case-control studies showed a significant range of effect sizes in the link between DRD and substance use, with an aggregated effect size that was medium in magnitude (i.e., Cohen's d ranging from 0.15 to 0.87 with a mean of 0.58; MacKillop et al., 2011) .
CM and Impulsive Decision Making
Growing research and emerging theoretical models suggest that early life stress induces neurocognitive vulnerability that is linked to AOD use problems (Lovallo, 2013; Sinha, 2008) . These perspectives on stress and development suggest that chronic adverse early experiences are processed cognitively, resulting in brain adaptations that shape coping behaviors (Ellis et al., 2017; Lovallo, 2013) . For example, adverse childhood experiences may lead to alterations in stress neurocircuitry, which is associated with increased impulsivity and increased salience of drug-related stimuli in challenging or stressful social situations (e.g., being evaluated by peers; Birn et al., 2017; Lovallo, 2013; Puetz and McCrory, 2015) . Further, Thibodeau and colleagues (2015) found that maltreatment was linked to impulsivity among youth and that this path was moderated by a genetic polymorphism linked to reward pathways. Similarly, among a large cross-sectional sample of adults, child abuse and neglect was found to be related to more DRD, which in turn was significantly associated with a higher frequency of substance use (Oshri et al., 2018b) . Thus, growing empirical evidence exists to support the hypothesis that impulsivity acts as a mechanism linking adverse rearing environments to downstream risk for substance use addiction.
DRD and Self-Regulation in Acute Social Stress Contexts
Emotional and cognitive regulation of acute stress are vital components in the process of decision making (Bechara, 2005) . Because emerging adults' choice to binge drink or abuse drugs often occurs in a peer context, self-regulation abilities are necessary to mitigate socially induced stress and therefore avoid risk behaviors (Mischel et al., 2010; Zelazo and Carlson, 2012; Zucker et al., 2008) . This research is particularly germane to maltreated individuals who are socioemotionally vulnerable due to their past adverse rearing experiences (Kim and Cicchetti, 2010) . Maltreated youth are more likely to have impaired self-regulation abilities, and therefore are prone to making suboptimal decisions (Thibodeau et al., 2015) , especially when under acute stress associated with peer contexts (Bolger and Patterson, 2001 ). This suboptimal decision making includes the preference for immediate smaller rewards rather than delayed but larger ones (Oshri et al., 2018b) . Thus, the process of making a choice, such as the decision to binge drink or not during socially stressful situations, may be significantly contingent on self-regulatory capacity.
Heart Rate Variability, Self-Regulation, and Risk Behaviors Quantifying individuals' ability to self-regulate under conditions of social stress (e.g., performing in front of peers) is prone to measurement error, especially when measured through observations or self-report surveys (Beauchaine, 2015) . A large body of research suggests that the use of psychophysiological proxies provides a particularly valid approach for the measurement of self-regulation (Laborde et al., 2017; Obradovi c et al., 2010) . In addition, the physiological measurement of youths' regulation during social stress is enhanced by utilizing experimental tasks. For example, performance in front of an evaluative peer audience constitutes an acute situational stressor that is pertinent to young adults social contexts, and evokes a strong stress psychophysiological and attendant emotional response (Kemeny, 2009) .
Heart rate variability (HRV) is a physiological parameter that has been shown to reflect self-regulatory capacities (i.e., emotional and executive control) via its activation by the autonomic nervous system (ANS; Appelhans and Luecken, 2006; Thayer and Siegle, 2002) . The ANS is divided into 2 major branches: the sympathetic and parasympathetic nervous systems (SNS and PNS, respectively). The SNS is responsible for energy mobilization in threatening situations; for example, the SNS increases cardiac activity when individuals are under perceived social stress. The PNS is involved in energy conservation and restorative functions; for example, the PNS counteracts the effect of the sympathetic system by decelerating heart rate. The ability of the PNS to rapidly modulate cardiac activity, including HRV, allows for flexibility in responding to environmental demands. Given that the vagus nerve is a key component of the PNS (Brodal, 2010) , researchers often refer to parasympathetic activity as vagal tone. Accordingly, cardiac vagal tone indexes the contribution of the PNS to cardiac regulation, which is shown to be associated with self-regulation at the cognitive, emotional, social, and physiological levels (Laborde et al., 2017) . Thus, psychophysiological theories regard HRV as a measure of the continuous interplay between the SNS and PNS that affects one's heart rate, which yields information about autonomic flexibility and the capacity for emotional and cognitive regulation of the stress response (Appelhans and Luecken, 2006) . Per the psychophysiological literature, in the present study, vagal tone refers to the activity of the vagus nerve, which can be measured by obtaining high-frequency HRV (Laborde et al., 2017) .
According to models proposed by Porges' polyvagal theory (2011) and Thayer and colleagues' (2009) neurovisceral integration model, self-regulation is indexed through coordination between the PNS and SNS. These systems orchestrate physiological homeostasis, wherein the organism can amass resources at rest yet still be capable to optimally respond to external social demands when needed. The neurovisceral model (Thayer et al. 2009 ) suggests that there are neuroanatomical connections between the ANS and brain regions associated with emotional processing (e.g., cortical and limbic areas), whereas the polyvagal theory (Porges, 2011) focuses on the neural connections between the vagus nerve and other cranial nerves that control peripheral structures involved in the behavioral expression of emotion when under social threat. Together, these 2 HRV theories converge to suggest that greater self-regulation abilities are indicated through the effective functioning of vagus nerve activation by the PNS (Porges, 2011; Thayer and Brosschot, 2005) . Similarly, the connection between HRV reactivity and stress reactivity has been linked to Gray's approachavoidance motivational theory (Beauchaine, 2001; Gray, 1987) . Gray (1987) hypothesized that there are 2 systems that govern behavioral activity: the behavioral inhibition system (BIS) and the behavioral activation system (BAS). The BIS underlies motivation to avoid aversive outcomes, such as the long-term health effect of alcohol abuse. Alternatively, the BAS underpins the motivation to approach rewarding outcomes, such as the motivation to drink alcohol with peers due to the rewarding social and psychopharmacological effects that are mediated by dopaminergic pathways. Thus, self-regulation capacities that are reflected by vagal tone (e.g., HRV reactivity) may be key in inhibiting AOD use during the individuals' process of evaluating and considering using substances because of the associated dopaminergic rewards. Consequently, self-regulation capacities are likely to serve as an important component in achieving more optimal decision-making outcomes when under acute social stress.
The Present Study
The present study uses a measure of HRV reactivity to test the hypothesis that self-regulation of stress reactivity moderates the link between CM and AOD use problems via impulsive decision making (see Fig. 1 ). AOD use symptoms are early indicators of the development of addictive behaviors, and bear negative social and health implications for emerging adults as they transition to adult roles. Given that cultural norms among young people are different for alcohol and drug use and that there are differential psychopharmacological effects of these drugs, it is important to empirically delineate the distinct etiologies of each substance. Therefore, in this study, we modeled alcohol and drug use problems separately, thereby adjusting for overlapping variance between them. In addition, we intentionally used a purposive sampling strategy (Boehnke et al., 2011) to recruit rural low-SES emerging adults, who are at a significant risk of both adverse rearing environments and AOD use problems (Haberstick et al., 2014; Lee et al., 2015) . Given that vagally mediated HRV reflects the functional capacity of a set of brain structures that are matured by emerging adulthood, HRV is expected in this study to serve as a stable psychobiological context (i.e., statistical moderator). Specifically, in young adulthood, vagal activity is hypothesized to act as a moderator between DRD and the attendant risk of developing AOD use problems. We hypothesized that CM severity would be associated with elevated impulsive decision making, indicated by DRD (Hypothesis 1); that higher DRD would be linked to increased AOD use problems (Hypothesis 2); and that lower levels of self-regulation abilities, indicated by lower levels of HRV reactivity, would exacerbate these associations (Hypothesis 3).
MATERIALS AND METHODS

Participants
The data in this study were collected to examine the mechanisms in the link between adverse childhood experiences and risk for addiction in rural areas. Thus, participants (N = 225) between the ages of 18 and 25 were recruited from a rural Southeastern community in the United States. Specifically, a rural sample of non-collegeeducated emerging adults were targeted to distinguish the sample from college-seeking young adults, who are often less ethnically diverse and from higher SES backgrounds. In addition, rural emerging adults are at an increased risk of socioeconomic adversity and substance use (Mack et al., 2017) . Exclusion criteria included the presence of a cardiovascular condition or pregnancy, enrollment in high school or in college, and having a 4-year college degree. Participants identified as male (n = 105, 46.7%), female (n = 119, 52.9%), or transgender (n = 1, 0.4%). The racial/ethnic makeup of the sample was diverse, with 59.6% identifying as White, 30.7% identifying as African American, 5.8% identifying as Hispanic/Latino/a, and 3.6% identifying as Other. The average age of participants was 21.56 (SD = 2.24). The majority of participants reported making less than $20,000 each year (n = 173, 76.9%).
Procedures
All study procedures were approved by the Institutional Review Board for ethical conduct in research. Participants were recruited by trained research assistants and community recruiters via in-person and local online advertisements. All study procedures took place in a private laboratory space on a university campus. Prior to arriving at the laboratory, participants were reminded not to use alcohol or other drugs within the past 24 hours before their participation in the study. Prior to any study activities, participants provided their informed consent. After informed consent was obtained, researchers connected participants to an electrocardiogram (ECG). Female participants were intentionally paired with female research assistants to enhance participants' comfort with electrode placement. Researchers placed 7 dermal electrodes on the left and right clavicle, the left and right rib, the upper and lower spine, and the sternum. Subsequently, participants were instructed to use headphones to listen to and watch a relaxing 3-minute video of neutral nature landscapes in order to establish baseline HRV. The relaxation procedure, including video content and duration, was established based on recommendations for obtaining HRV (Malik 1996 ) and a pilot phase in which 10 participants gave feedback on the video segment. The large majority of participants (94.0%) rated the video as being "somewhat relaxing" to "very relaxing."
Following the baseline assessment, researchers administered a 5-minute mental arithmetic performance task to elicit an acute response to social stress. This social threat task has been shown to reliably elicit psychological (e.g., negative emotion) and physiological (ANS activation, e.g., vagal withdrawal) stress reactions (Gruenewald et al., 2004) . During the task, participants were asked to quickly and accurately answer a series of increasingly difficult arithmetic problems, verbally, in front of an audience of research assistants. To account for differential math abilities, the difficulty of the task was adjusted (from easy to more difficult) based on participants' response accuracy and speed. Research assistants were trained to remain neutral and to avoid giving feedback throughout the task. After the arithmetic stress task, participants were asked to view a 3-minute relaxing video, and then answered a series of questionnaires. At the end of the procedure, participants reported how stressful the task felt for them (1 = "not stressful at all," 2 = "not very stressful," 3 = "somewhat stressful," 4 = "stressful," and 5 = "very stressful"). The mean level was 3.57 and standard deviation was 1.08, with 84.3% participants rating the task as being somewhat to very stressful. Following the completion of study procedures, researchers debriefed all participants about the purpose of the mental math task and offered a handout with local mental health resources.
At the first time point (T1), participants gave their consent to participate in a brief follow-up survey. Approximately 9 to 12 months after the baseline assessment, researchers contacted consenting participants via email or text message. Subjects provided an additional informed consent via an online form and then completed a brief online follow-up questionnaire. The attrition rate was moderate, with 65.3% of the subjects participating at T2.
Measures CM (T1).
The short form of the Childhood Trauma Questionnaire (CTQ; Bernstein and Fink, 1998 ) was utilized to assess childhood experiences of maltreatment. Participants responded to 28 items about their experiences "while growing up," on a Likert scale from 1 (never true) to 5 (very often true). This scale has been validated among normative community samples (Bernstein et al., 2003) . The subscales that were utilized for the present study included physical abuse (a = 0.86), emotional abuse (a = 0.90), sexual abuse (a = 0.94), emotional neglect (a = 0.88), and physical neglect (a = 0.83).
DRD (T2).
The 27-item Monetary Choice Questionnaire (MCQ; Kirby and Petry, 2004 ) was utilized to measure DRD. In the MCQ, participants indicated their hypothetical choice between a smaller immediate monetary reward, and a larger delayed monetary reward. The time delay varied for each item (e.g., 7, 19, or 136 days). For example, a participant may be asked "Would you rather have $14 today or $25 in 19 days." Each item reflects choices between different preferences based on a hyperbolic discounting model (V ¼ A 1þkD ), in which the temporal discounting function is the free-ranging parameter k. Participants' k values are inferred based on the pattern of choices. Three values of k were calculated for small, medium, and large reward magnitudes. Higher values of k represent greater reward discounting, and thus are indicative of participants' preference for smaller, immediate rewards. Due to high positive skewness, k values were logarithmically transformed. For this study, the log k values of small, medium, and large magnitudes and composite log k were analyzed in the model separately.
Substance Use (T1 and T2). Participants self-reported on substance use behaviors at both the baseline and follow-up time points.
Alcohol Use Problems-The Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 2001 ) was used to measure alcohol use frequency and problems. The AUDIT was developed by the World Health Organization as a simple method of screening for excessive drinking, and its validity and reliability have been supported among community samples (Knight et al., 2003; Selin, 2003) . Ten items were administered to participants, who answered questions such as "How often do you have six or more drinks on one occasion?" Eight items were scored on a 5-point Likert scale that ranged from 0 (never) to 4 (daily or almost daily), and 2 items (e.g., "Have you or someone else been injured because of your drinking?") were scored with a 4-point Likert scale from 0 (never) to 3 (yes and in the last year). A sum score of the 10 items was calculated, with higher scores representing a greater severity of alcohol use problems. The scale exhibited good internal reliability (a Τ1 = 0.77, a Τ2 = 0.84). Then, the sum score was transformed to a binary variable to indicate if the participant met the clinical cutoff of AUDIT (cutoff larger than 5; "1" = above the cutoff and "0" = below the cutoff score; Berman et al., 2003) .
Drug Use Problems-The Drug Use Disorders Identification Test (DUDIT; Berman et al., 2003) was utilized to measure participants' problematic drug use. DUDIT was developed as a parallel instrument to the AUDIT for identification of individuals with drugrelated problems. A sum score was calculated, which was comprised of 11 items (e.g., "Do you use more than one type of drug on the same occasion?"). Nine items were scored on a Likert scale from 0 (never) to 4 (daily or almost daily), and 2 items (e.g., "Has a relative, friend, doctor, or other health care worker been worried about your drug use or said to you that you should stop using drugs?") utilized a 4-point Likert scale ranging from 0 (never) to 3 (yes and in the last year). Higher DUDIT scores represent greater drug use problems. The scale exhibited excellent internal reliability (a Τ1 = 0.90, a Τ2 = 0.90). Clinical cutoff scores on the DUDIT are 2 for female and 6 (>5) for male participants (Berman et al., 2003) . In the present study, the sum score was transformed to a binary variable to indicate if the participants met the clinical cutoff on the DUDIT ("1" = at or above the cutoff and "0" = below the cutoff score).
High-Frequency HRV Reactivity. HRV reactivity was utilized to assess emerging adults' psychophysiological capacity to self-regulate during acute social stress via the PNS (Thayer and Lane, 2000; Thayer and Siegle, 2002) . Procedures were in accordance with current standards for measuring HRV in psychophysiological research (Berntson et al., 1997) . HRV was measured using the BioNex system from MindWare Technologies (Gahanna, OH). Data were digitized with the MindWare HRV 3.1.0 software module at a sampling rate of 1,000 Hz. High-frequency components of HRV (0.12 to 0.42 Hz) were obtained via power spectrum analysis (Akselrod et al., 1981) , to target parasympathetic neural activity. Past research has indicated that high-frequency components of HRV are indicative of more effective self-regulation (Akselrod et al., 1981; Appelhans and Luecken, 2006) . To estimate and correct for individual differences in respiration, spectral analysis of thoracic impedance was utilized (Ernst et al., 1999) . Derived from the ECG signal, interbeat intervals (IBIs) were converted into 120-second segments using an interpolation algorithm, and physically improbably IBIs were detected using a MindWare Minimum Artifact Deviation and Maximum Expected Deviation (MAD/MED) algorithm that places some bounds on the variability of the IBI from beat to beat, and flags beats which exceed these limits (Berntson et al., 1990) . Data were also manually inspected by trained researchers to detect abnormal R-R intervals such as inadvertent cardiac fluctuations and ectopic beats in HRV due to participants' physical movement or breath. Abnormal R-R intervals were manually corrected by deleting extra beats and inserting mid-beats, as per the instructions of MindWare Technologies.
A residualized change score was calculated for HRV reactivity using participants' mean HRV during the baseline period and during the stress period (arithmetic task; see equation below). The use of a residualized change score allows for the adjustment of variance in baseline HRV (Berntson et al., 1997) . A lower HRV residualized change score (DHRV) indicates a decrease from baseline to the stress task (i.e., more vagal withdrawal), and thus suggests a higher level of HRV reactivity and self-regulation.
Demographics. Covariates included emerging adults' gender, age, and family annual income. Gender was coded as "1" = male and "2" = female. Family annual income was reported as "1" for less than $20,000, "2" for $20,001-$50,000, "3" for $50,001-$70,000, "4" for $70,001-$100,000, and "5" for over $100,000, and then recoded to the median of each range.
Analytic Plan
A structural equation model (SEM) in Mplus version 7.4 (Muth en and Muth en, 1998-2012) was used to test study hypotheses. The SEM was estimated using maximum-likelihood estimation with robust standard errors. Missing data ranged from 0 to 34.7%. Missing data patterns were found to meet assumptions for missing completely at random (MCAR; Little's MCAR test: v 2 (27) = 28.05, p = 0.41), and therefore, the full-information maximum-likelihood (FIML) algorithm was used (Rubin and Little, 2002) . FIML is a missing data method that has been shown to yield more efficient and less biased parameter estimates than traditional methods for handling missing data (Enders and Bandalos, 2001 ). Using standard model fit criteria (Hu and Bentler, 1999) , a combination of fit indices was included to assess for adequate fit of the data to the structural model. These included the chi-square test of model fit, the comparative fit index (CFI), the root mean square error of approximation (RMSEA), the standardized root mean square residual (SRMR), and the weighted root mean square residual (WRMR). A confirmatory factor analysis (CFA) was used to assess the latent construct of CM (Brown, 2015) , using 5 CTQ subscales (i.e., physical abuse, sexual abuse, emotional abuse, physical neglect, and emotional neglect) as indicators. Next, SEM was used to model the associations between CM, DRD, substance use, and DHRV. Probit regression within the SEM framework was utilized to model AOD use problems as binary dependent variables. To test HRV reactivity as a moderator of the associations between DRD and substance use, maximum-likelihood estimation of latent interaction effects was used (Klein and Moosbrugger, 2000) . Subsequently, to examine the indirect effect conditional on level of HRV reactivity, a mediation procedure (i.e., RMediation) was used, which produces a confidence interval for the product of 2 normal random variables using 3 methods: distribution of the product of coefficients, Monte Carlo, and asymptotic normal theory with the multivariate-delta standard error (asymptotic-delta) method (MacKinnon et al., 2007; Tofighi and MacKinnon, 2011) . The Johnson and Neyman (1936) technique was employed to interpret the moderating role of HRV reactivity.
RESULTS
Preliminary Analyses
Descriptive and correlational analyses were used to evaluate the level of exposure to adverse childhood experiences as well as elevated risk for AOD use problems in the current sample of rural youth (Table 1; Fig. 2 ). The current sample manifested significant CM experiences, with 31.6% reporting emotional abuse (clinical cutoff >12), 28.6% reporting physical abuse (clinical cutoff >9), 20.9% reporting sexual abuse (clinical cutoff >7), 31.6% reporting emotional neglect (clinical cutoff >14), and 23.1% reporting physical neglect (clinical cutoff >9). Among the 225 participants, 42.7% at T1 and 40.8% at T2 met the AUDIT cutoff score indicating hazardous alcohol use. Additionally, in accordance with standard cutoff scores on the DUDIT (2 for female and 6 for male; Berman et al., 2003) , 54.9% of participants at T1 and 44.2% of participants at T2 were suggested to have drug use problems. Overall, 66.2% of participants at T1 and 58.2% of participants at T2 reported having either alcohol or drug use problems, or both.
To account for the common covariance between types of CM experiences, and to capture the variance of the most severe maltreatment, we employed a CFA, a data reduction technique (Brown, 2015) . The CFA confirmed the internal reliability of a single latent factor of CM, underlying the measurement of severity of CM experiences reflected by 5 indicators (i.e., physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional neglect) (see Table 2 ). All factors loadings were moderate to high (k > 0.45) and significant (p < 0.001; Brown, 2015) . The resulting model fit was excellent: v 2 (5) = 12.63 (p < 0.05). CFI = 0.99, SRMR = 0.02.
Initial Model
A moderated mediation SEM model was used to concurrently test the moderation of the link between DRD and AOD use problems by HRV reactivity in the indirect effect from the CM factor to AOD use problems via DRD. Gender, age, and family annual income were adjusted for in all the subsequent models. The reported model below refers to the small reward magnitude (other magnitudes are reported in the Supplemental materials). The model was constructed following Preacher and colleagues ' (2007) 1 To interpret the association between this interaction term and alcohol use problems, a parallel logistic regression model was conducted. Results indicated that with every 1-unit increase of the interaction term, 1 unit of DRD change resulted in an increase in participants' alcohol use problems by 40% T2 (logit = 0.34, odds ratio = 1.40). These findings suggest that HRV reactivity moderated the associations between DRD (small magnitude) and alcohol use problems.
Mechanistic Analyses
Johnson and Neyman's (1936) technique was used to probe and interpret the moderating roles of HRV reactivity on the associations between DRD and alcohol use problems (Fig. 4) . As Fig. 4 suggests, for participants with lower levels of HRV reactivity (i.e., higher DHRV), DRD was associated with more alcohol use problems. Furthermore, DRD was associated with fewer alcohol use problems for participants with higher levels of HRV reactivity (i.e., lower DHRV).
A mediation procedure (MacKinnon et al., 2007; Tofighi and MacKinnon, 2011) was employed to test the conditional indirect effect (Preacher et al., 2007) . Results showed that the indirect effect of CM on alcohol use problems through DRD, and conditional on DHRV, was significant (a*b = 0.03, p < 0.05). Specifically, the indirect effect between CM and alcohol use problems through DRD was positive among participants with low HRV reactivity but negative for participants with high levels of HRV reactivity.
DISCUSSION
CM is significantly associated with neurocognitive vulnerabilities that are implicated in addictive behaviors among emerging adults (Lovallo, 2013; Oshri et al., 2018b; Puetz We tested DRD in the model using small-, medium-, and large-magnitude rewards, as well as a composite DRD variable. Results of medium, large, and composite DRD showed a significant association with CM, a nonsignificant association with AOD use problems, and a directionally consistent moderating relationship. The interactional analyses for all reward magnitudes are reported in Table 3 , and the entire models per each of the reward magnitudes are presented in the Supplemental materials. .
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-.09 -.23 .14 Fig. 3 . Moderated mediation model of the associations among childhood maltreatment, DRD, substance use, and HRV reactivity during young adulthood. T1 = time point 1; T2 = time point 2; DRD = delayed reward discounting (small rewards magnitude). DHRV = HRV residualized change score, with negative values indicating higher HRV reactivity. Gender, age, family annual income, and substance use at T1 were controlled in the analyses. The controlled paths are not displayed for clarity. Only standardized parameters of significant paths are presented in the figure. and McCrory, 2015; Sinha, 2008) . The present study extended this line of inquiry by utilizing longitudinal data drawn from a sample of low-SES rural emerging adults and incorporating an experimental task for self-regulation to test the impact of CM experiences on impulsive decision making and attendant elevations in AOD use problems. Specifically, this study aimed to test the hypothesis that the effect of CM on decision making and substance use risk is embedded within a context of psychobiological sensitivity to social stress (Karpyak et al., 2014) . Findings showed that among emerging adults with poor self-regulation, as indicated by blunted reactivity in HRV, more severe CM experiences were significantly linked to alcohol use problems via impulsive decision making. Specifically, DRD was found to underlie the connection between adverse childhood experiences and risk for substance use problems, conditional upon level of HRV reactivity.
CM and DRD
In support of our first hypothesis, CM severity was found to be significantly associated with a steeper discounting rate of delayed rewards. This finding corroborates neurobiological research that has shown adverse rearing environments to negatively impact neurobiological systems that subserve cognitive and emotional control functions. For example, Lovallo and colleagues (2013) and Lovic and colleagues (2011) both reported that youth who experienced adverse childhood experiences were at risk of impulsive behaviors. Similarly, Oshri and colleagues (2018b) found that adolescents who reported child abuse and neglect evinced higher levels of impulsive behaviors, and adults who reported CM evinced compromised DRD. In addition, recent research using functional magnetic resonance imaging technology demonstrates that early life stress can adversely affect executive control functions that are tied to DRD, such as working memory (Bickel et al., 2011) , response inhibition (Harms et al., 2017) , and reward salience in both animal (O'Connor et al., 2015) and human samples Oswald et al., 2014) .
Recent developmental evolutionary perspectives on child development offer insight to the question of why maltreated youth are at an increased risk of impulsive decision making and risk behaviors such as drug use (Ellis et al., 2017) . From this perspective, youth reared in harsh environments may have biologically adapted to their past unpredictable context. Relatedly, a key working hypothesis in developmental evolutionary perspectives is the specialization hypothesis (Ellis et al., 2017) . According to this hypothesis, growing up under stressful conditions may lead to later disadvantageous decision making under conditions of stress (i.e., early life stress sensitizes later responses to social stress). For example, youth who adapted to adverse rearing environments may value more immediate resources, as opposed to delayed and larger rewards, under conditions of current stress and uncertainty, but not in safe circumstances (Mittal et al., 2015) . The functional valuation of more immediate rewards over larger but delayed rewards may be adaptive to youth in adverse contexts, because they perceive their environment to be dangerous and, thus, the future uncertain. This adaptation to an adverse childhood environment could become a liability as youth mature out of their home environment (Oshri et al., Fig. 4 . Interpretation of the moderating role of HRV reactivity on the associations between DRD and alcohol use problems. Shadowed area indicates that among participants with lower HRV reactivity (i.e., high HRV residualized change score), DRD (small magnitude) is associated with higher levels of alcohol use problems significantly. However, with higher levels of HRV reactivity (i.e., low HRV residualized change score), DRD is associated with fewer alcohol use problems. 2018a). Such vulnerabilities are compounded during young adulthood, as youth are increasingly independent and their peer environment is growing particularly salient. Additionally, opportunities for substance use peak in young adulthood. Thus, taken together, the ability to make decisions about substance use in the context of social stress, given the increased salience of the peer network, can be particularly difficult for emerging adults who have been maltreated and who potentially have emotional and neurocognitive vulnerabilities (Erickson et al., 1989) .
DRD, AOD Use Problems, and Moderation by HRV Reactivity
In contrast to the second hypothesis, the direct association between DRD and substance use risk was not statistically significant. The lack of a significant direct effect of DRD on substance use may be an idiosyncratic reflection of the rural population used in the present study. In fact, a meta-analysis by MacKillop and colleagues (2011) reported that the effect size between DRD and substance use significantly varied across populations, with clinical populations showing the strongest effect size. Alternatively, this nonsignificant effect may be better explained by theory and research on the role of self-regulation (emotional and cognitive) in decision-making processes (Casey and Caudle, 2013) .
The third hypothesis was partially supported, as the direct association between DRD and alcohol use risk was statistically significant only among youth with lower levels of selfregulation. Accordingly, the findings indicated that differential functioning in HRV reactivity, putatively reflecting self-regulation, served as a moderator in the indirect effect linking early adversity to substance use. This is consistent with studies that have found a moderating role of vagal tone in the link between early adversity and internalizing problems in youth (McLaughlin et al., 2014) , as well as harsh parenting and adjustment problems in youth (e.g., El-Sheikh et al., 2001) , independent of other aspects of impulsivity. The findings of the present study also support theories that underline the important role of emotional regulatory processes in youths' decision making (Bickel et al., 2007; Rudolph et al., 2017) , particularly in social contexts (Ahmed et al., 2015; King et al., 2017) , by showing that decision making is affected by stress reactivity under acute social stress. Research on the neural basis of impulsive actions suggests that the decision-making process is based on separate systems: the cognitive control and the reward-based (also referred to as socioemotional) systems (McClure et al., 2004) . According to this line of research, when cognitive control cannot effectively modulate the socioemotional system, then decision-making processes are more compromised. Because cognitive control functions are still developing through emerging adulthood, this theory is particularly relevant in this sample (Steinberg, 2010) .
In addition, the findings on the role of HRV reactivity in the link between DRD and alcohol use problems corroborate Gray's (1987) motivational model. Specifically, these results support the idea that the ANS modulates the reward salience of drugs and the individuals' motivation to avoid or approach substance abuse behaviors (Beauchaine, 2001 ). Accordingly, self-regulation indexed by HRV reactivity was found to be instrumental in inhibiting alcohol abuse, possibly due to the increased ability of youth with higher HRV reactivity to process and evaluate using substances. Overall, the present findings add to research on risk factors for alcohol addiction by providing preliminary evidence for the role of the ANS, and the PNS in particular, in the influence of CM on reward valuation and attendant risk for addictive behaviors. Accordingly, this study joins a body of work in suggesting that self-regulatory processes are a critical component in youths' decision making and attendant risk for AOD use problems (Casey and Caudle, 2013) .
The present study found that physiological self-regulation of stress reactivity moderated the association between DRD of small reward magnitudes and alcohol use problems, but not the association between DRD of larger reward magnitudes and AOD use problems. Previous studies have found that the association between DRD and substance varies depending on reward magnitude, with the association between substance use and smaller reward magnitudes showing greater effect sizes (e.g., Amlung and MacKillop, 2011) . In addition, it is possible that DRD of smaller reward magnitudes is more representative of the decisions that low-SES young adults make on a regular basis. Thus, self-regulation in the context of social stress may be more pertinent during such decisions. Furthermore, in the present study, CM was indirectly linked to riskier decision making and alcohol use problems, but not drug use severity. Thus, there may be a different mechanism linking CM and drug use versus alcohol use. For example, one clear difference between alcohol and illicit drugs is legal status; thus, the relationship between childhood adversity and substance use may be selectively channeled within more socially acceptable and normative substance use. Given that this is a conjecture, the dissociation of relationships detected in this study warrants follow-up and more direct study.
Implications for Policy and Preventive Intervention
The present findings bear important implications for policy and intervention efforts to prevent AOD use problems among rural low-SES emerging adults who report CM experiences. Recent research suggests the need for family-focused preventive intervention programs for adolescents that target self-regulation and the attendant psychobiological processes that bear implications for AOD use behaviors in young adulthood (Stormshak et al., 2017) . Furthermore, basic research that confronts the early life origins of disparities in physical and mental health can contribute to policy initiatives (Shonkoff et al., 2009 ). For example, Larkin and colleagues (2014) and Anda (2014) suggest a biopsychosocial perspective to be utilized to inform social policies that respond to adverse childhood experiences, in order to achieve population-wide improvements in overall health. The authors further discuss prevention and intervention response strategies that focus on multiple levels of at-risk individuals, including families, communities, and the larger society. This approach is supported by economic research on human capital development which has suggested that significant cost savings may result from effective implementation of these strategies (Mathur, 1999) . Overall, significant mental health risk outcomes are reported to be attributed to childhood adversity (Afifi et al., 2008) . Policy initiatives that address socioeconomic inequalities, and prevention efforts that aim to reduce exposure to adverse childhood events, could substantially decrease the prevalence of addiction psychopathology and associated mental health problems in the general population.
Developers of intervention programs may benefit from considering the risk for CM and its idiosyncratic effect on decision making and AOD use risk. Recent research suggests that mindfulness interventions can impact HRV and emotion regulation (H€ ulsheger et al., 2013) , thereby possibly buffering the effect of CM on impulsive decision making and AOD use problems. Continuing on this line of argumentation, growing studies report that mindfulness-based stress reduction has a positive influence on emotional distress (e.g., Kilpatrick et al., 2011; Kumar et al., 2008 ) including brain areas linked with self-regulation (H€ olzel et al., 2011) . Further, despite the evidence of strong stability of DRD (Odum, 2011) , increasing research suggests that brain plasticity exists, especially in the context of intensive neurocognitive training. For example, working memory training (Vinogradov et al., 2012) was shown to mitigate high DRD and, plausibly, the risk for addiction (Bickel et al., 2011) . Thus, it is possible that preventive intervention programs can tailor content to effectively target self-regulation and working memory among at-risk emerging adults, potentially improving their decisionmaking performance and reducing the risk for AOD use problems among these youth.
Limitations and Strengths
Our present findings should be interpreted within the study's limitations. First, the targeted sample comprised rural low-SES emerging adults. To increase the generalizability of the present study, future research should test the current models in impoverished metropolitan samples. However, a strength of the present study is the use of an understudied sample of emerging adults that are at significant risk of AOD use problems. In addition, the present study used psychophysiological data as a proxy for self-regulation and emotional regulation, in relation to AOD risk among emerging adults. Recent research suggests that alcohol dependence might affect resting-state HRV and therefore could have added spurious variance to the HRV results (Quintana et al., 2013) . To address this limitation, we obtained a more robust measure of emotion regulation by measuring HRV reactivity during an experimental task (Cole et al., 2004) . Last, in the present study self-regulation was measured under an experimental condition of acute social evaluative stress. This acute stress procedure aimed to measure self-regulation via HRV reactivity when under a social stress evinced from being evaluated during performance in front of a peer audience. However, other types of acute stressors could play a role in the mechanism that underlies youths' motivation to binge drink, such as drinking alone to self-medicate. Overall, the present study carries important strengths that contribute to the confidence in the reported results. These include the use of a multimethod (quasi-experimental, task-based, and self-report) longitudinal follow-up design with an understudied sample of emerging adults that are at significant risk of adverse childhood experiences and AOD problems.
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